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[57] ABSTRACT

A control system for a fluid actuated control member is
disclosed which utilizes a pair of electrically controlled
servo valves to control the supply of servo pressure
fluid to a control valve piston. The pair of servo valves
are electrically controlled such that, under normal con-
ditions, one of the servo valves 1s operative to supply
the servo pressure signal, while the other servo valve
remains in an inert, open position. Upon the detection of
a malfunction in the operative servo valve, electrical
switches render the malfunctioning valve inert and
transfer the operative capabilities to the second servo
valve. The hydraulic control system does retain 100%
of its performance capabilities following a malfunction
of the initial servo valve.

12 Claims, 4 Drawing Figures
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1
SERVO VALVE CONTROL DEVICE

BACKGROUND OF THE INVENTION

. Field of the Invention

The present invention relates to a servo valve control
system for a hydraulically actuated control member.

Hydraulically actuated control members and control
systems incorporating such members, which may be a
hydraulic jack or the like, are well known and have
found usage in virtually all types of apparatus. Basi-
cally, these systems involve a control valve, which
controls the flow of the hydraulic fluid to/or from the
hydraulhic jack and a servo valve which controls the
position of the control valve by regulating a servo pres-
sure applied to the positioning elements of the valve.

Servo valve controls are known which include a
movable blade disposed at the end of a movable rod
which extends through an opening in a spring tube
which i1s fixed, at one end, on a base and which 1s free at
its opposite end. The rod is supported by a transverse
element which is movable through one or more electri-
cal drive coils. When a current energizes the drive coils,
the blade moves between a pair of nozzles which are
each connected to a control chamber of the control
valve so as to vary the pressure within the control
chambers and, consequently, change the position of the
control valve. |

Although such devices have been relatively effective,
they have the serious drawback of being very sensitive
to any pollution present in the servo valve fluid. The
small diameter of the servo valve nozzles coupled with
the small clearances between the nozzles and the blade

(which may be several hundredths of a mm) allows any
particles to jam the blade and prevent operation of the
servo valve. These devices also suffer from the relative
fragility of the spring tube caused by the vibration filled
environment in which such devices are typically uti-
lized. The breakage of such spring tube would, of
course, render the servo valve totally inoperative.

One way of remedying these defects 1n the known
servo valves, has been to include a plurality of them in
the control system to provide a redundancy in case one
or more should fail. Since most servo valves have dou-
ble electrical windings it 1s relatively easy to accomplish
the electrical redundancy that 1s necessary. However, it
1s much more difficult to provide two or more servo
valves to control the same member 1nsofar as 1t requires
a systemn of hydraulic isolation to isolate the defective
servo valve from the member being controlled. Without
isolating the malfunctioning servo valve, it prevents the
other servo valves from fully performing their opera-
tive function.

British Pat. No. 1,369,441 discloses an electrohydrau-
lic control system wherein two parallel servo valves
receive the same electrical control signals and simulta-
neously act on the same pressure chambers of an actuat-
ing member. Means are provided to detect an opera-
tional difference between the two servo valves and to
generate an error signal. However, in case one of the
servo valves malfunctions, the only actions made possi-
ble by such a system are either locking the actuating
member in position or activating an emergency control
to move the member into a specific position, or isolating
one of the servo valves by means of a hydraulic switch
slide.

U.S. Pat. No. 3,437,312 to Jenny describes a redun-

dant control system which includes three computation
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channels associated with three comparators and two
servo valves. The two servo valves are separated by a
hydraulic selector which admits to the controlled hy-
draulic member fluid from the first servo valve and
subsequently fluid from the second servo valve.

SUMMARY OF THE INVENTION

The present invention provides a servo valve control
systém which 1s capable of providing full servo control
of the control valve even if one of the servo valves
should fail or otherwise malfunction.

In the system according to the invention, the control
valve which controls the hydraulically actuated control
member 1s of the spool-valve type which includes pis-
tons on either end of the spool which are slidably re-
ceived in chambers, at least one of which receives a
servo-pressure signal for controlling the movement of
the spool. The servopressure stgnal 1s obtained between
a high pressure zone and a low pressure zone by a hy-
draulic potentiometer having a fixed constriction and a
constriction with a variable cross section. The latter
constriction is defined by a pair of electrically actuated,
hydraulic servo valves. The mvention further includes
means for generating the control signals as a function of
set-point signals, whereby a single servo valve acts as
the operative signal pressure generator, while the other
servo valve remains inert. A malfunction detector
which detects any malfunction in the operative servo
valve ts connected to the electronic control means such
that, should any malfunction occur, the malfunctioning
servo valve 1s rendered inert and the control pressure
function 1s assumed by the other servo valve. When a
servo valve is in the inert position, it evinces a predeter-
mined flow cross-section. The electronic control means
controls the two servo valves to assure their switching,
between the drive and inert servo valves, thereby deliv-
ering a servo pressure signal without interruption.

In a preferred embodiment, the servo valves may
have a single nozzle and a blade movable toward and
away from the nozzle to control the fluid pressure gen-
erated by the nozzle. The extreme open position of the
blade may be controlled by an adjustable stop means.

BRIEF DESCRIPTION OF THE FIGURES

FI1G. 1 is a schematic diagram illustrating a servo
valve control system according to the prior art.

FIG. 2 is a schematic diagram of a first embodiment
of the control system according to the invention.

FIG. 3 is a schematic diagram showing the electrical
control circuit for the servo valves 1n a system accord-
ing to the invention.

FIG. 4 1s a schematic diagram of a second embodi-
ment of the servo control system according to the in-
vention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a schematic diagram of a control sys-
tem utilizing a servo control valve according to the
prior art. The control valve has a spool shide 1, the
position of which is controlled by means of servo valve
2 having a blade § which is movable between the double
nozzles 6 and 6’. The two ends of spool slide 1 have
equal cross-sectional areas and are slidably retained in
chambers 3 and 3’ defined by the housing of the control
valve. Chambers 3 and 3/, receive fluid through a hy-
draulic potentiometer formed between a high pressure
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source HP and a low pressure source BP. The hydraulic
potentiometer has two fixed restrictions 4 and 4° and
two nozzles 6 and 6' with variable cross-sections, each
of the nozzles being connected in series with one of the
restrictors 4 or 4'. The supply fluid for chambers 3 and
3’ is picked up between one restrictor and one nozzle so
that the pressure in the chambers is a pressure interme-

diate between the values of HP and BP. Nozzles 6 and
6’ are arranged diametrically opposite one another on
either side of a movable blade 5 and have their axes
generally parallel so as to reduce or increase the fluid
flow cross-section toward the low pressure area. In this
manner a pressure differential is created between the
chambers 3 and 3’ which causes the shde spool 1 to
move, thereby controlling the flow of actuating fluid to
the hydraulic jack member.

Blade 5 is rigidly attached to rod 7 which is mounted
within flexible tube 8 made of a thin, non-magnetic
spring metal material. Tube 8 is fixed at one end to a
fixed base (not shown). The tube also is attached to a
movable soft iron bar 9 at its opposite end, such that
iron bar 9 extends within electrical drive coils B1 and
B2. As drive current is applied to the coils, blade 3
moves in one direction or the other between the nozzles
6 and 6 . In the absence of any drive current, the spring
tube 8 maintains the movable blade 5 in a neutral posi-
fion.

The servo valve control device as illustrated in F1G.
1 has proven to be somewhat unreliable insofar as it 1s
highly sensitive to any pollution within the servo con-
trol fluid, since the distance between the nozzles 6 and
6’ is very small (only several hundredths of a mm). A
single particle lodging between the nozzle and the blade
blocks any blade motion and, therefore, renders the
servo valve inoperative. A second major cause of the
servo valve malfunction is the breakage of the spring
tube 8 due to the small dimensions of its wall thickness.

The present invention cures these drawbacks of the
prior art is shown in a first embodiment, in FIG. 2. The
valve spool slide 15 has pistons formed on either end,
however, such pistons have different cross-sectional
areas. As in the prior art, the position of spool slide 135
controls the supply of operational fluid to a hydraulic
jack driving a body which must be accurately posi-
tioned. Although no mechanical return means are
shown as being associated with the spool slide 15, it
should be that the invention may be also utilized in such
a device where opposing springs are introduced into the
control chambers 16 and 17 to exert a control force on
the spool slide 15.

As shown, chamber 16 has the smaller cross-sectional
area and communicates directly with fluid source 18,
which generates a substantially constant fluid pressure.
According to the invention, only the fluid pressure
supplied to the opposite chamber 17 is modulated In
order to position the spool slide 15. Fluid supplied to
this chamber is picked up between the fixed restrictor
19 and a variable restrictor consisting of two single-noz-
zle servo valves 20 and 30. In the particular embodi-
ment shown in FIG. 2, servo valves 20 and 30 are fluidi-
cally connected in parallel to each other. The design of
the two servo valves 20 and 30 are similar to that of the
previously described servo valve, however, each mov-
able blade 21, 31 controls the flow for a single nozzle
22, 32. The opening movement of the blade 21, 31 1s
limited by mechanical stops 23, 33. The position of these
stops may be adjusted in such a manner that the blade
will be tangent to it from the force exerted thereon by
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the spring tube. In this position, a maximum flow cross-
section is achieved. The servo valve elements are di-
mensioned in such a manner that, should a breakage of
the spring tube occur, the blade will come to rest
against the adjustable stops.

The windings of the torque motor of each servo valve
is connected to an electronic control means 100. This

system is designed to control only one of the two servo
valves at any given time, leaving the other at rest 1n the
full-open position. Therefore, in normal operation, the
servo fluid pressure within chamber 17 1s modulated by
controllin9 the cross-section of only one nozzle, nozzle
22, for instance, the nozzle 32 providing a constant and
predetermined leakage flow rate in the inert condition.
In case of a malfunction of the nozzle 22, rendering the
servo valve incapable of carrying out its function, the
controlled member moves away from the nominal posi-
tion regardless of the command imparted to the servo
valve. In this case, the electronic control means 100
detects this deviation and immediately affects a switch-
over to the previously inert servo valve. Thus, the sec-
ond servo valve now becomes the operative servo valve
and the malfunctioning servo valve becomes inert. In
this new operational mode, nothing has changed with
respect to the slide spool 15, since the nozzle 22 (of
which the cross-section had previously been modu-
lated) now provides a constant leakage flow equal to the
prior leakage flow rate of the nozzle 32, and the control
is insured by the nozzle 32 in the manner which had
previously been caused by nozzle 22. Because the sys-
tem according to the invention is without a hydraulic
selector that would isolate one of the servo valves, the
slide spool 15 permanently receives servo pressure flu-
ids from the two servo valves 22 and 32.

F1G. 3 shows a schematic diagram of a typical elec-
tronic control system which may perform the switch
over operation in case of a malfunction of the servo
valve. The fluid source 18, servo valves 20 and 30, the
fixed restriction 19 and the control valve 15 are all
shown in FIG. 3. The control valve 15 controls the
supply of hydraulic fluid to a hydraulic jack which
drives the control body X, of which the displacement 1s
measured by detectors. The control system 100 includes
two completely separate electric control elements 200,
300, each having input 201, 301 for the predetermined,
set point signals. Each of the elements comprises elec-
tronic circuit 202, 302 and a line connected to the torque
motor winding of the corresponding servo valve 20, 30.
Each of the control elements also receives signals from
the position detectors 203, 204 and 303, 304 of the con-
trolled member X.

Each control circuit 202, 302 includes two identical
computers 205, 206 and 305, 306 which define the set
point position as a function of the input data from lines
201 and 301. In each circuit, the first computer 205, 305
is used for the control function and emits a signal which
is compared at comparators 211, 311, respectively with
a signal corresponding to the actual position of the body
X received from a first position detector 203, 303. The
deviation signal is amplified in amplifier 207, 307, which
output is connected to the winding of the corresponding
torque motor by means of switches 208, 308. The posi-
tion of switches 208, 308 responds to a signal from an
adding amplifier 209, 309 one of the inputs of each of
the amplifiers being connected to the output of the
other amplifier. The second input line of each amplifier
209, 309 receives a signal corresponding to the devia-
tion which is generated at 210 and 310 between the
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computed set point value of the second computer 206,
306 and the actual value of the position of the control
body X as provided by second detectors 204, 304.

The system is electronically redundant since each
controls circuit 200, 300 receives the same input signals
and generates identical control signals. However, n
normal operation, switch 208 is closed and switch 308,
with a control inverse to that of 208, remains open such
that only the servo valve connected to the first control
circuit 200 1s operative, the other servo valve remaining
iert in the open position. If a malfunction occurs, the
deviation signal between the value computed by 206 or
306 and the value provided by 204, or 304 will increase
until 1t exceeds a predetermined threshold value. In that
case, amplifiers 209 and 309 will emit control signals to
mnvert the positions of the switches 308 and 208. Since
the servo valve 20 1s no longer operative, it becomes
inert and the blade 1s brought back to rest against the
adjustable stop. Servo valve 30 now becomes the opera-
tive servo valve and continues to provide a servo pres-
sure signal to the shide spool 15. The switching between
lines is bistable so that the control does not flip back to
the first line when the deviation signal resumes a value
which 1s less than the threshold value for actuating
circuits 209, 309. Accordingly, the switchover applies
only to the electronic control signals of the two servo
valves, which together will permanently provide the
required servo pressure signal.

In lieu of an electronically redundant system, a single
control circuit with signal switching to the second
servo valve in case of malfunction may be utilized if the
servo valves are much less reliable than the electronics.

A second embodiment of the invention 1s schemati-
cally illustrated in FIG. 4. The basic principle of opera-
tion 1s the same and the same elements as discussed
above are similarly numbered, but referenced by a
prime. In this embodiment, servo valves 20 and 30 are
fluidically connected in series, as opposed to the em-
bodiments shown in FIQG. 2, wherein servo valves 20
and 30 are fluidically connected in parallel. As shown in
FIG. 4, the servo pressure fluid flows from the HP
pressure to the BP in a circuit in which the fixed restric-
tion 19, the first servo valve 30’ and the second servo
valve 20" are arranged 1n series connection. The cham-
ber 17" communicates with the fluid servo circuit be-
tween restriction 19° and servo valve 20°. In normal
operation, the pressure of the servo fluid supplied to
chamber 17’ i1s controlied solely by the servo valve 20'.
As the servo valve 30 is inert, the blade 31’ rests against
mechanical stop 33’ and defines a fixed diaphram corre-
sponding to the nozzle 32’ cross-section. If a malfunc-
tion should occur, changing the normal operation of
servo valve 20, electronic control circuit 100 renders
the malfunctioning valve inert and it transfers the oper-
ative signals to servo valve 30’ as described in the previ-
ous embodiment.

The electrohydraulic control device according to the
invention accepts the first malfunction of the servo
valve while retaining 100% of the operational capabili-
ties of the system. At the same time, the device 1s rela-
tively simple and the redundancy is provided while
retaining the same number of nozzles as in a conven-
tional servo valve device. The system requires no hy-
draulic switchover slide, since the switchover in this
case 1s obtained electrically through simuitaneous open-
ing and closing of controlled switches. To a certain
extent, the device is self-correcting. By switching over
to the second servo valve, the first servo valve blade is
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made to move against the adjustable stop. The increase
in distance between the nozzle and the movable blade
makes 1t possible for any particles near the nozzle to
clear themselves. In this instance, the first servo valve
control becomes available for use should there be any
malfunction of the second, operative servo valve.

Either the parallel or series connections, as previ-
ously discussed, may be applied to affect a redundant
control of double-acting hydraulic jacks by using a set
of two servo valves arranged in accordance with the
invention.

The foregoing description is provided for illustritive
purposes only and should not be construed as in any
way limiting this invention, the scope of which is deter-
mined solely by the appended claims.

We claim:

1. A control system for a fluid actuated control mem-
ber comprising;:

(a) a control valve having a movable piston to control
the flow of pressurized fluid to and from the con-
trol member;

(b) means for generating a servo pressure signal;

(c) connecting means to apply the servo pressure
signal to the movable piston of the control valve;

(d) a pair of electrically controlled, fluidic servo
valves fluidically connected to the connecting
means and forming a variable cross-section restric-
tion in the connecting means so as to control the
pressure of the servo pressure signal delivered to
the movable piston of the control member;

(e) electronic control means electrically connected to
the fluidic servovalves to control the servovalves
such that at any given time, one of the servovalves
controls the servo pressure signal while the other
servovalve remains inert; and,

(f) means connected to the electronic control means
to detect a malfunction of the operative servo-
valve, thereby causing the electronic control
means to render the malfunctioning servovalve
inert and to render the other servovalve operative
to control the servo pressure signal. |

2. The control system of claim 1 wherein each of the
fluidic servovalves comprises:

(a) a single nozzle fluidically connected to the servo

pressure signal;

(b) a blade extending in front of an opening in the
nozzle;

(c) an adjustable stop bearing against the blade in its
extreme open position; and, |

(d) means connecting the blade to the electronic con-
trol means such that, when the servovalve is opera-
tive, the blade may be moved toward or away from
the nozzle so as to control the pressure of the ser-
vovalve signal, and, when the servovalve is inert,
the blade 1s moved against the adjustable stop.

3. The control system of claim 2 where the nozzles of
the fluidic servovalves are fluidically connected in par-
allel.

4. The control system of claim 3 wherein the movable
piston has two ends of different diameter, each end
slidably received in a cylinder of corresponding dimen-
sion, the means for generating a servo pressure signal
supplies a substantially constant servo pressure signal to
one end of the movable piston, and wherein the servo-
valves control the variable servo pressure signal applied
to the opposite end of the movable piston.
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5. The control system of claim 4 wherein the substan-
tially constant servo pressure signal 1s applied to the
smaller diameter end of the movable piston.

6. The control system of claim § wherein the elec-
tronic control means comprises: two independent elec-
tronic control circuits; electrical connecting means con-
necting each control circuit to one of the fluidic servo-
valves; switch means interposed between each control
circuit and each fluidic servovalve: and: switch control
means connected to each swiich such that, at any given
time, only one switch 1s closed.

7. The control system of claim 2 wherein the nozzles
of the fluidic servovalves are fluidically connected in
series.

8. The control system of claim 7 wherein the movable
piston has two ends of different diameter, each end
slidably received in a cylinder of corresponding dimen-
sion, the means for generating a servo pressure signal
supplies a substantially constant servo pressure signal to
one end of the movable piston, and wherein the servo-
valves control the vanable servo pressure signal applied
to the opposite end of the movable piston.

9. The control system of claim 8 wherein the substan-
tially constant servo pressure signal 1s applied to the
smaller diameter end of the movable piston.
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10. The control system of claim 9 wherein the elec-
tronic control means comprises: two independent elec-
tronic control circuits; electrical connecting means con-
necting each control circuit to one of the fluidic servo-
valves; switch means interposed between each control
circuit and each fluidic servovalve; and; switch control
means connected to each switch such that, at any given
time, only one switch 1s closed.

11. The control system of claim 2 wherein the elec-
tronic control means comprises: two independent elec-
tronic control circutts; electrical connecting means con-
necting each control circuit to one of the fluidic servo-
valves; switch means interposed between each control
circuit and each fluidic servovalve; and; switch control
means connected to each switch such that, at any given
time, only one switch is closed.

12. The control system of claim 2 wherein the mov-
able piston has two ends of different diameter, each end
slidably received in a cylinder of corresponding dimen-
sion, the means for generating a servo pressure signal
supplies a substantially constant servo pressure signal to
one end of the movable piston, and wherein the servo-
valves control the variable servo pressure signal applied

to the opposite end of the movable piston.
e 3 %k ¥* * %
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